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applied to ensure sufficient contrast between restricted and 
unrestricted water diffusion. The high contrast enabled definition of 
the tumour volume by thresholding. Additionally, a magnetic field 
distortion map, a T2w MRI and a CT were obtained and co-registered. 
Two radiation-oncologists delineated the primary tumour on the T2w 
image. Geometrical correction acts in the phase encoding direction of 
the DWI and requires a distortion map and the imaging parameters. 
The distance between the borders of (1) the two delineations, (2) the 
original DWI and a delineation and (3) the corrected DWI and a 
delineation was calculated. 
Results: The figure shows the CT and MR images of patient 1. In the 
CT and T2w scan, no obvious contrast between the healthy and 
diseased tissue was observed. The DWI image revealed a distinct 
region with restricted diffusion (= dark). It is also illustrated that the 
overlap between delineation and restricted-diffusion volume improves 
after correction. Quantitative analysis showed that correction reduces 
the distance between the delineation and the DWI image in all three 
patients. Inspection of the DWI images revealed that some lymph 
nodes also exhibited a restricted diffusion. Those lymph nodes were 
not included in the delineation of the primary tumour. This partly 
explains the remaining discrepancy between the delineations and the 
thresholded volume. 
 
 Conclusions: We showed that DWI of the esophagus is possible and has 
excellent contrast between healthy and suspicious tissue. This 
enabled definition of the tumour volume using a threshold. After 
geometrical correction the tumour volume was in closer agreement 
with the delineated volume. Therefore, we conclude that 
geometrically corrected DWI is possible and eases delineation of 
esophageal cancer. In future, accuracy and robustness of geometrical 
correction will be further investigated for a larger patient group. 
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Purpose/Objective: Diffusion weighted magnetic resonance imaging 
(DW-MRI) is a functional imaging technique increasingly used for 
tumor and recurrence diagnosis, and response prediction and 
monitoring. Tumors generally show a high signal intensity in DW-MRI 
while the background is largely suppressed. Due to this high contrast, 
DW-MRI might also be a candidate to facilitate radiotherapy target 
definition. However, in the head and neck region, the echo planar 
imaging (EPI) technique commonly used for DW-MRI suffers from 
geometrical distortions. These distortions are caused by the 
susceptibility differences from air-tissue transitions that lead to 
magnetic field (B0) inhomogeneities. Due to these geometric 
distortions, current DW-EPI images are unusable for tumor delineation 
in RT treatment planning. To improve geometrical accuracy, a non-EPI 
method is preferable. Turbo spin echo (TSE) imaging is a robust 
method concerning geometrical accuracy. However, bulk motion 
during the diffusion weighting gradients causes unstable echo trains 
and destructive signal evolution in TSE sequences. Split acquisition of 
fast spin echo signal(SPLICE) has been proposed to solve this issue 
[Schick 1997]. In this work, DW-EPI images were compared with DW-
SPLICE images to assess the applicability for RT treatment planning. 
Materials and Methods: Eight patients (6 pre-treatment, 1 follow-up 
and 1 during treatment) were scanned in a RT mask at 3.0T (Philips 
Achieva) using Flex-M coils. The standard RT treatment planning 
protocol was used with a DW-SPLICE sequence added. Diffusion 
sequences: 
DW-EPI: TR/TE 3474/68 ms; EPI factor 85; max b-value 1000 s/mm2 
with 6 averages; 6 b-values; acquired voxel size 1.4 x 1.4 mm2; slice 
thickness 3.0 mm + 1 mm gap; total number of slices 30; FOV 230 x 
230 x 120 mm3; SENSE factor 2; fat suppression SPIR; acquisition time 
2m57s. 
DW-SPLICE: TR/TE 14109/123; TSE factor 53; TSE echo spacing 7.4 ms; 
TSE refocusing pulse angles 50°; max b-value 800 s/mm2 with 6 
averages; 2 b-values; acquired voxel size 2.0 x 2.0 mm2; slice 
thickness 4.0 mm; total number of slices 30; FOV 250 x 250 x 120 
mm3; SENSE factor 1.5; fat suppression SPIR; acquisition time 5m10s. 
The images were scored for tumor conspicuity, distortions, fat 
suppression and contrast/noise ratio using a 4-point grading scale 
(with 1 the worst and 4 the best score) by an experienced MR 
physicist. The scores were averaged over all patients. 
Results: Qualitatively, tumor conspicuity was better in DW-SPLICE 
b800 image (Fig. 1b, e) than in DW-EPI b1000 (Fig. 1c,f), which 
showed large geometrical distortions. This is exemplified in two 
patients before treatment (Fig. 1). Tumor anatomy in DW-SPLICE is 
comparable with T1w MRI after gadolinium administration (Fig. 1a, d), 
but enhancing areas mostly differ from regions with high signal 
intensity in the DW-SPLICE. This was also shown quantitatively by the 




Conclusions: DW-SPLICE produced distortion free images. This makes 
DW-MRI applicable for delineation in RT treatment planning. However, 
this comes with the cost of longer acquisition time and increased 
blurring compared to DW-EPI. 
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Purpose/Objective: Hypoxia is an important marker for the resistance 
of cancerous tissue to radiotherapy. Unfortunately, hypoxia 
measurements are highly invasive and impractical in standard clinical 
practice. Blood oxygen-level dependent (BOLD) MRI is an imaging 
technique that exploits the increase in relaxation rate R2* in the 
presence of deoxy-hemoglobin as compared to oxy-hemoglobin. The 
value of R2* has been shown to correlate negatively with the pO2 in 
prostate tissue (1).  
At air-tissue interfaces macroscopic magnetic field inhomogeneities 
will occur due to differences in magnetic susceptibility. These 
inhomogeneities result in phase perturbation artifacts, which will 
affect the obtained R2* values in the surrounding tissue. Here, we 
investigate the impact of rectal gas on R2* imaging of the prostate.  
Materials and Methods: Ten patients with biopsy-proven prostate 
cancer underwent a standard prostate exam on a 3T MRI with a SENSE-
Cardiac and an endorectal coil (ERC). The ERC was filled with 
perfluorinated compound (PFC) for susceptibility matching. R2* maps 
were determined for each patient (mGE sequences: TE1=5 ms, ΔTE=6 
ms, ETL=10, TR=77ms, FA=20°, NAV=1, acquisition matrix 188 x 266 
with FOV of 280 mm (AP), 399 mm (RL), 75 mm (FH) and slice 
thickness=3 mm). To mimic rectal gas, we replaced the PFC with air 
and repeated the R2* measurements after renewed B0shimming. The 
data were fitted by a mono-exponential decay from which R2* is 
determined. Additionally, we investigated a correction method for 
susceptibility artifacts, published by Yang et al. (2) by comparing 
corrected maps obtained from the two measurements. 
Results: The impact of rectal gas on R2* values of the prostate is 
demonstrated in the Figure, where we compare R2* maps obtained 
with an air filled and a PFC filled ERC. In the peripheral zone the 
median R2*, averaged over all patients,is 28.3 s-1 using the PFC filled 
ERC, compared to 38.0 s-1for the air filled ERC. The difference over 
the entire prostate region is smaller (26.9 s-1 compared to 33.6 s-1), 
since the distortion of R2* is highest close to the air cavity.  
After correction with Yang's method, the R2* difference averaged 
overall patients in the peripheral zone between the PFC and air filled 
ERC is reduced from 9.7 s-1 to 1.7 s-1.  
 
 Figure: R2* images of a patient obtained using an endorectal coil 
filled with PFC (left) or air (right). An increase in R2* values over the 
prostate is noticeable, particularly near the endorectal coil. The R2* 
maps below are corrected with the method of Yang et al. (2). 
 
Conclusions: Rectal gas potentially distorts the measurement of R2* in 
the prostate causing an increase in R2* similar to that observed in 
hypoxic tissue. Correction of R2* values for susceptibility variations 
from air pockets is feasible. 
We acknowledge X. Yang for the correction software. 
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Purpose/Objective: We assessed the feasibility and clinical value of 
MRI at 3 and 7 Tesla (T) for early glottic carcinoma. The main 
treatment modalities for T1 tumors are laser surgery (LS) and 
radiotherapy (RT). RT is preferred for more extended tumors and in 
case of involvement of the anterior commissure (AC). Hence, for 
deciding the optimal treatment modality it is important to know the 
location and extent of the tumor. The current standard for locating a 
T1a glottic tumor is a combination of laryngoscopy and stroboscopy 
(CT may be added). Although these modalities provide information 
about extension, they may fail to show the exact location and extent 
of the tumor. MRI is generally not performed because T1a tumors 
often cannot be seen with the current protocols. High resolution (<1 
mm3) is required. The aim of this study was to determine whether MRI 
at 3T and 7T can achieve this resolution and supply information on the 
exact location and extent of the tumor, in order to select the best 
treatment modality. 
Materials and Methods: The experiments were performed with nine 
healthy volunteers (5 male, 4female, age 24–47) and two patients 
(male, age 68-69) with glottic tumors. All volunteers and patients 
were scanned at 3T (Achieva 3TX, Philips Medical Systems, Best, 
Netherlands) and at 7T (Philips Healthcare, Cleveland, OH, USA). They 
were fixed to a flat base plate by an immobilization mask. At 3T a 
two-element flexible surface receive coil was used. At 7T, a transmit 
coil specifically developed for neck imaging was applied and two 15-
channel receive arrays were used. T2W sequences were optimized on 
both platforms. At 3T, a high resolution 3D T2wTSE was used and a 




Results: Images of volunteers (top Fig. 1) showed high resolution 
images that revealed anatomical details not visible on conventional 
imaging. Seq. 1 performed best for 3T, whereas Seq. 3 was best for 
7T. The 7T images show more structures around the larynx (such as 
the epithelial layer and paraglottic fat) which are less apparent on the 
3T scans due to noise. Two patients were scanned with the sequence 
optimal for the applied field strength. The 3T and 7T scans of a 
patient with a T1a tumor show similar results (bottom Fig. 1). The 7T 
scans have less contrast but superior anatomical detail. Both 3T and 
7T scans show extensive involvement of the right vocal cord. 
Therefore, it was decided to switch the treatment from the scheduled 
LS to RT. The 3T and 7T images of the second patient (scheduled for 
RT) showed involvement of the AC. 
 
  
Conclusions: It was feasible to perform high resolution imaging of 
small glottic tumors both on 3T and 7T after optimization of the setup 
and protocol. The 7T setup provided more detailed anatomical 
information, but 7T imaging is not necessary to obtain a resolution < 1 
mm3. High resolution MRI of two patients provided new information 
about the tumor extent and location. We expect that this will have 
implications on staging and treatment decisions.  
   
 
 
 
 
 
